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(54) Optical disk device 

(57) An optical device to control the output power of 
a laser on recording and reproduction without expensive 
high-speed circuits is provided. The optical disk device 
of the present invention comprises monitor portion (5. 6) 
for monitoring the power of laser light, averaged light 
quantity calculating portion (7) for calculating the aver- . 
aged light quantity of the power of the laser light, mem- 
ory portion (20) for memorizing the averaged light 



quantity, error quantity calculated portion (12. 13) for 
calculating the difference between the output signals of 
the averaged light quantity calculating portion and the 
memory portion, and laser power control portion (2) for 
controlling the power of the laser light in response to the 
output signal from the error quantity calculating portion. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] T^e present invention relates to an optical s 
disk device used in particular to an apparatus and 
method of controlling the output power of a laser on 
recording and reproduction of signals to and from an 
optical disk. 

[0002] Prior art method of recording information on io 
a disk in a recording area by using laser light includes 
magneto-optical recording method and phase change 
recording method. Both methods record information on 
a recording layer by focussing a laser light upon the 
recording layer to heat it. In these recording methods, is 
the distribution of the temperature over the recording 
layer will give a large influence upon the shape of a 
recording mark, that is. the quality of reproduced sig- 
nals. The factors, which determine the temperature dis- 
tribution, include the pulse width and power of recording 20 
light, etc. The current- emitted power characteristics of 
the semiconductor laser depends upon the tempera- 
ture. Since the laser light having a power, which is ten 
times larger than that on reproduction, is necessary on 
recording, heating of the semiconductor laser becomes 25 
larger so that the temperature of the semiconductor 
laser is elevated. As a result, the current-emitted power 
characteristics may change. Accordingly, in order to 
record information In a good manner, it is also neces- 
sary to control the power of emitted light of the semicon- 30 
ductor laser on recording. 

[0003] Under such a circumstance, a method of 
power control on recording has been proposed as is 
represented by Japanese Laid-Open Patent Publication 
No. 09-288840. 35 
[O0O4] Now, a prior art power control system, which 
is disclosed in the above-mentioned publication, will be 
described. 

[0005] Figs. 1 and 2 are a block diagram and timing 
chart showing the prior art power control system, 40 
respectively. 

[0006] In Fig. 1 , a laser light emitted from a semi- 
conductor laser 4 is passed through a collimator lens 
(not shown) and a rise mirror and focussed on a record- 
ing layer of an optical disk by portion of an objective 45 
lens. A part of the laser light is split in the course of its 
optical path and is incident upon a photodiode 5. On 
reproduction, the semiconductor laser 4 is supplied with 
a current which is obtained by voltage/current convert- 
ing by portion of a V/l converting circuit 3 an output of sc 
the adding circuit 2 which is a sum of an output of a 
reproduced power presetting circuit 1 and an output of 
an amplifying circuit 13-1 which will be described here- 
after, so that the laser generates a laser light having a 
power depending upon the supplied current value. A si 
current output from the photodiode 5 is converted into a 
voltage signal by portion of an \N converting circuit 6, 
and is then input to S/H (sample and hold) circuits 21-1 



- 3. The S/H circuit 21-1 samples/holds the output from 
the \N converting circuit 6 in response to timing pulses 
from a timing pulse generating circuit 1 1 for outputting it 
to a subtracting circuit 12-1. 

[0007] Since timing pulses each having a given 
period are input to the S/H circuit 21-1 from the timing 
pulse generating circuit 1 1. the output of the S/H circuit 
21-1 becomes an output signal of the l/V converting cir- 
cuit 6, that is, the signal which is obtained by sam- 
pling/holding the magnitude of the light emitted from the 
semiconductor laser 4 at intervals of a given period of 
time. 

[0008] In a subtracting circuit 1 2-1 , the output signal 
from the S/H circuit 21 -1 is compared with a signal from 
a reference signal generating circuit 10. The difference 
is input to an amplifying circuit 13-1 and is amplified at a 
given gain and then input to an adding circuit 2. 
[0009] In such a manner in a reproducing mode of 
operation, a closed loop is formed by a reproduction 
power presetting circuit 1 , adding circuit 2. V/l convert- 
ing circuit 3. semiconductor laser 4, photodiode 5. l/V 
converting circuit 6. S/H circuit 21-1. subtracting circuit 
12-1, reproducing power reference signal generating 
circuit 10 and the amplifying circuit 13-1. The power 
emitted from the semiconductor laser 4 is controlled to 
a predetermined power. 

[0010] In recording mode of operation, a peak 
power ON signal and an erasing power ON signal corre- 
sponding to a recording signal and recording gate signal 
(/WG) are input to current switch circuits 16. 18 from a 
recording pulse generating circuit 15. 
[0011] The current switching circuits 16. 18 con- 
ducts or blocks the current signals output from the V/l 
converting circuits 27-1, 27-2 in response to the peak 
power ON signal and the erase power ON signal to 
Impress the semiconductor laser 4 with It. An output sig- 
nal from the adding circuit 26-1 which is a sum of the 
output signal from the peak power presetting circuit 24 
and the signal from the amplifying circuit 13-3 is input to 
the V/l converting circuit 27-1 . An output signal from the 
adding circuit 26-2 which is a sum of the output signal 
from the erasing power presetting circuit 25 and the sig- 
nal from the amplifying circuit 13-2 is input to the V/l 
converting circuit 27-2. 

[0012] On the other hand, the semiconductor laser 
4 is constantly impressed with a current which is 
obtained by voltage/current converting by the V/l con- 
verting circuit 3 the output from the adding circuit 2 
which is a sum of outputs of the reproducing power pre- 
setting circuit 1 and the amplifying circuit 13-1. When 
the current switching circuit 16 is turned on, the semi- 
conductor laser 4 is impressed with a sum current of the 
output currents from the V/l converting circuits 3 and 27- 
1 . When the current switching circuit 1 8 is turned on, the 
semiconductor laser 4 is impressed with a sum current 
of the output currents from the V/l converting circuits 3 
and 27-2. Pulse light that is shown In Fig. 2 is emitted 
from the semiconductor laser 4. 
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[DDI 3] A part of the emitted light is input to the pho- 
todiode 5 similarly to the reproducing mode. The photo- 
diode 5 outputs a current corresponding to the incident 
light quantity to the IN converting circuit 6. The US/ con- 
verting circuit 6 converts the output current from the 5 
photodiode 5 into a voltage signal for outputting the sig- 
nal to the S/H circuits 21-1 through 21 -3. 
[0014] Three kinds of timing pulses are output from 
the timing signal generating circuit 11. When the pulse 
emitted light from the semiconductor laser 4 Is the 10 
reproducing power, a timing pulse for holding the output 
signal of the lA/ converting circuit 6 is output to the S/H 
circuit 21 -1 . When the pulse emitted light from the sem- 
iconductor laser 4 is the erasing power, a timing pulse 
for holding the output signal of the \N converting circuit is 
6 is output to the S/H circuit 21 -2. When the pulse emit- 
ted light is the peak power, a timing pulse for holding the 
output signal of the l/V converting circuit 6 is output to 
the S/H circuit 21-3. Accordingly, the S/H circuits 21-1 
through 21 -3 output the output signals of the l/V con- so 
verting circuit 6 corresponding to the reproducing, eras- 
ing and peak powers, respectively. 
[0015] The output signals of the S/H circuits 21-1 
through 21-3 is input to the subtracting circuits 12-1 
through 12-3, in which they are compared with the out- 25 
put signals from reproducing power reference signal 
generating circuit 10. erasing power reference signal 
generating circuit 22 and peak power reference signal 
generating circuit 23. respectively. The differences are 
input to the amplifying circuits 13-1 through 13-3 as the 30 
outputs from the subtracting circuits 12-1 through 12-3, 
respectively. 

[0016] The amplifying circuits 13-1 through 13-3 
amplify the input signals at predetermined gains and 
output the signals to the adding circuits 2. 26-2 and 26- 35 
1. 

[0017] In the prior art method, the peak, erase and 
reproducing (bias) powers of the pulse light for record- 
ing can be controlled to respective predetermined pow- 
ers as well as the emitted light power for reproducing by 40 
the above-mentioned arrangement. 
[0018] In the above-mentioned prior art method 
prior art method, it is necessary for the output signal of 
the l/V converting circuit 6 to have about the same 
bandwidth as that of the pulse emitted light of the semi- 45 
conductor laser 4 as is apparent from Fig. 2. 
[0019] The pulse width of the pulse light may be 
about one quarter of the bit period in the narrowest 
case. If data having a bit period of 40 nsec is recorded, 
the pulse width would then become 1 0 nsec at minimum so 
and the output signal of the l/V converting circuit 
requires a bandwidth which is about 100 MHz. 
[0020] Accordingly, the photodiode 5 and the l/V 
converting circuit 6 also require a bandwidth of at>out 
1 00 MHz and higher. This should be achieved to reduce 55 
the cost. 

[0021 ] Since it is necessary for the S/H circuits 21 - 
1 to 21-3 to corrplete the sample/hold operation within 



10 nsec or less, the circuits having a faster speed and 
higher accuracy are required. This should be achieved 
to reduce the cost. 

[0022] As mentioned above, the current-output 
characteristics of the semiconductor laser changes with 
its temperature. Fig. 3 shows the current-output charac- 
teristics of the semiconductor laser 4 when its tempera- 
ture changes. 

[0O23] Since the threshold current and differential 
efficiency (gradient) in the current-output characteristics 
of the semiconductor laser 4 changes with its tempera- 
ture, the prior art contemplates to compensate for both. 
As is apparent from Fig. 3, the change in temperature of 
the differential efficiency is less than the change in tem- 
perature of the threshold current. 
[0024] If the power of the emitted light is repre- 
sented as Pp when the semiconductor laser 4 is 
impressed with a current Ip at a given temperature T1 , 
the plot of the current-emitted power characteristics of 
the semiconductor laser 4 is shift rightward as shown in 
Fig. 3 and the gradient changes from a rectilinear line as 
represented by a broken line to a solid line. Accordingly, 
only the emitted power of Pp - API is obtained with th 
same current. 

[0025] If the semiconductor laser 4 is supplied with 
the current Ip plus the changes in the threshold current 
Alth. the emitted power would become Pp - AP2. which 
approaches the emitted power Pp at temperature T1 . 
[0026] Recently, the deterioration of the quality of 
the recording mark with respect to the change in the 
peak power has been reduced by the improvement in 
the storage medium. It is not advantageous to compen- 
sate for the change in temperature in the differential effi- 
ciency by using an expensive circuit. 
[0027] It has been found that the power of the emit- 
ted pulse light at beginning of recording is approxi- 
mately equal to a preset value since the temperature of 
the semiconductor laser per se does not change so fast. 

SUMMARY OF THE INVENTION 

[0028] The present invention was made under such 
circumstances. It is an object of the present invention to 
provide an optical recording/reproducing device which 
is capable of recording/reproducing information at a 
practically good quality and which has a structure which 
is suitable for reduction in cost. 

[0029] In order to accomplish the above-mentioned 
object, a first aspect of the present invention provides 
an optical disk device for recording signals on an optical 
disk which constitutes a signal recording medium by 
focussing laser light on the face of said optical disk com- 
prising: 

an averaged light quantity calculating portion for 
determining the averaged light quantity of the laser 
light by splitting the laser light focussed upon the 
face of said optical disk and by detecting its low fre- 
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quency component: a memory portion for output- 
ting the averaged light quantity in a reproducing 
mode of operation and for memorizing and output- 
ting said averaged light quantity which has been 
calculated for a first period of time (t1) after the 
beginning of recording in a mode of recording oper- 
ation: an en-or quantity calculating portion for calcu- 
lating the difference between signals output from 
said averaged light quantity calculating portion and 
said memory portion: and laser power control por- 
tion for controlling the power of said laser light in 
response to an output signal from said error quan- 
tity calculating portion. 

[0030] The optical disk device may preferably fur- 
ther include an error quantity holding portion for holding 
the output value of the signal which is output from said 
error quantity calculating portion immediately before the 
beginning of recording and the laser power control por- 
tion may be controlled in response to the output signal 
from said error quantity holding portion for a second 
period time (t2) after the beginning of recording. 
[0031] The optical disk device may preferably fur- 
ther include a reference signal generating portion for 
generating a signal having a predetermined level and in 
lieu of the output signal from said memory portion, the 
output signal from said reference signal generating por- 
tion may be input to said error quantity detecting portion 
for a third period oi time (t3) after the beginning of 
recording. 

[0032] The averaged light quantity-calculating por- 
tion may comprise a photoelectric converting portion for 
converting laser light into a current or voltage signal 
having a response frequency which is not higher than 
the lowest frequency of signals to be recorded. 
[0033] The memory portion may preferably com- 
prise an A/D and a D/A converting portions. 
[0034] There may be a relation t1 < tS ^ t2 among 
said first, second and third periods of time (tl), (t2) and 
(t3). 

[0035] In order to accomplish the above-identified 
object, a second aspect of the present invention pro- 
vides an optical disk device for recording signals on an 
optical disk which constitutes a signal recording 
medium by focussing laser light on the face of said opti- 
cal disk comprising: 

a monitoring portion for splitting the laser light 
focussed on said optical disk face and for monitor- 
ing the power of the laser light; an averaged light 
quantity calculating portion for calculating the aver- 
aged light quantity of the laser light which is 
detected by said monitoring portion; a memory por- 
tion for outputting the averaged light quantity in a 
reproducing mode of operation of the signals and 
for memorizing and outputting said averaged light 
quantity which has been calculated for a first period 
of time (t1) after the beginning of recording in a 



mode of recording operation; an error quantity cal- 
culating portion for calculating the difference 
between signals output from said averaged light 
quantity calculating portion and said recording por- 
5 tion; and a laser power control portion for control- 

ling the power of said laser light in response to an 
output signal from said error quantity calculating 
portion. 

10 [0036] The optical disk device may preferably fur- 
ther include an error quantity holding portion for holding 
the output value of the signal which is output from said 
error quantity calculating portion immediately before the 
beginning of recording and said laser power control por- 
ts tion may be controlled in response to the output signal 
from said error quantity holding portion for a second 
period time (t2) after the beginning of recording. 
[0037] The optical disk device may preferably fur- 
ther include a reference signal generating portion for 
so generating a signal having a predetermined level and in 
lieu of the output signal from said recording portion, the 
output signal from said reference signal generating por- 
tion may be input to said error quantity detecting portion 
for a third period of time (tS) after the beginning of 
25 recording. 

[0038] The averaged light quantity calculating por- 
tion may comprise a low-pass filter having a cutoff fre- 
quency which is not higher than the lowest frequency of 
band of signals which are reproduced from said optical 
30 disk. 

[0039] The memory portion may preferably com- 
prise an A/D and a D/A converting portion. 
[0040] There may be a relation t1 < t3 ^ t2 among 
said first, second ard third periods of time (tl). (t2) and 
35 (t3). 

[0041] It is possible to combine the above-men- 
tioned features as of the present invention as many as 
possible. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 
[0042] 

Fig. 1 is a block diagram showing a prior art. 
45 Fig. 2 is a timing chart showing signals at various 

parts of the block diagram according to the prior art. 

Fig. 3 is a graph showing the current-emitted power 

characteristics of the semiconductor laser. 

Fig. 4 is a block diagram showing an embodiment of 
50 the invention. 

Fig. 5 is a timing chart showing signals at various 

parts of the block diagram according to the present 

invention. 

55 PREFERRED EMBODIMENT OF THE INVENTION 

[0043] Now. an embodiment of the invention will be 
described with reference to drawings. Fig. 4 Is a block 
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diagram showing an embodiment of the present inven- 
tion and Fig. 5 is a timing chart showing signals at vari- 
ous parts in Fig. 4. Components in Rg. 4 which are 
similar to those in Fig. 1 are represented by similar ref- 
erence numerals. s 
[0044] Now, operation on reproduction will be 
desaibed. 

[0045] A V/l converting circuit 3 voltage-current 
converts an output signal from an adding circuit 2. which 
is a result of addition of an output signal from a repro- io 
ducing power (read power) presetting circuit 1 and an 
output signal from an S/H circuit 14 which will be 
described hereafter and supplies a semiconductor laser 
4 with the converted current. 

[0046] The semiconductor laser 4 emits laser light is 
having a power corresponding to the supplied 
(impressed) current quantity and part of the light is input 
to a photodiode 5. 

[0047] The photodiode 5 is an inexpensive low 
speed photodiode and detects the low frequency com- 20 
ponents of the input light, that is. the averaged light 
quantity for outputting a current which is proportional to 
the averaged light quantity to an lA/ converting circuit 6. 
The \N converting circuit 6 converts the output current 
from the photodiode 5 which is proportional to the input 25 
averaged light quantity into a voltage signal for output- 
ting it to a selecting circuit 8 and memory circuit 20 as 
an averaged light quantity signal 101. 
[0048] An output of a reproducing power reference 
signal generating circuit 1 0 which generates a reference 30 
signal corresponding to a desired reproducing power is 
applied to the other input of the selecting circuit 8. In a 
reproducing mode of operation, the selecting circuit 8 
selects only the output of the l/V converting circuit 6 in 
response to a light quantity signal selecting signal 107 35 
output from the timing signal generating circuit 1 1 . 
[0049] Output signals of the reproducing power ref- 
erence signal generating circuit 10 and the memory cir- 
cuit 20 are input to the selecting circuit 9. In a 
reproducing mode of operation, the selecting circuit 9 40 
selects the output from the reproducing power reference 
signal generating circuit 10 in response to a reference 
signal-selecting signal 108. 

[0050] The output signal of the selecting circuit 8, 
that is, the output signal of the l/V converting circuit 6 45 
and the output signal for the selecting circuit 9, that is. 
the output signal of the reproducing power reference 
signal generating circuit 10 are input to a subtracting cir- 
cuit 12. An output from the subtracting circuit 12 which 
is representative of the difference between both signals so 
is amplified by an amplifying circuit 13 with a predeter- 
mined gain and is then input to an S/H circuit 14. 
[0051 ] Since the S/H circuit 1 4 is arranged to output 
the input signal as it is in a reproducing mode of opera- 
tion, the output signal of the amplifying circuit 1 3 is input ss 
to the adding circuit 2. 

[0052] In such a manner, a closed loop is formed by 
the reproducing power presetting circuit 1 , adding circuit 



2, V/l converting circuit 3, semiconductor laser 4. photo- 
diode 5. l/V converting circuit 6. selecting circuits 8, 9. 
reproducing power reference signal generating circuit 
10. subtracting circuit 12. amplifying circuit 13 and the 
S/H circuit 14 in a reproducing mode of operation, so 
that the power of the emitted light of the semiconductor 
laser 4 can be controlled to a predeternntned reproduc- 
ing power. 

[0053] Now. operation in a recording mode of oper- 
ation will be desaibed. 

[0054] A recording pulse generating circuit 15 gen- 
erates a peak power ON signal and erasing power ON 
signal from an input recording gate signal (/WG) and 
recording signal and outputs them to current switching 
circuits 16 and 18, respectively. 

[0055] The current switching circuit 16 and 18 sup- 
ply the output currents from peak power presetting cur- 
rent source 17 and erasing power presetting current 
source 19 to the semiconductor laser 4 in response to 
the peak power ON signal and erasing power ON signal 
from the recording pulse generating circuit 15, respec- 
tively. The semiconductor laser 4 is also stpplied with 
the current from the V/l converting circuit 3.: As a result, 
this current plus the output current from the. peak power 
presetting current source 17 or the erasingpower pre- 
setting current source 19 is supplied to the semiconduc- 
tor laser 4 so that pulse light is emitted from the 
semiconductor laser 4. 

[0056] The light emitted from the semiconductor 
laser 4 is partly input to the photodiode 5 similarly to the 
reproducing mode of operation. A current signal that is 
proportional to the averaged light quantity of the inci- 
dent light is output from the photodiode 5. The output 
current signal is converted into a voltage signal by the 
l/V converting circuit 6 and output to the memory circuit 
20 and the selecting circuit 8 as a signal representative 
of the averaged light quantity 101 . 
[0057] The band width of the data which is recorded 
on the optical disk and the like is generally limited to a 
predetermined frequency band by the modulation, etc. 
due to the limitation of capability of the medium and 
clock reproduction. In order to obtain the averaged light 
quantity of the semiconductor laser on recording, a pho- 
todiode having a cutoff frequency which is not higher 
than the minimum frequency of recording signal band 
width-limited to this predetermined frequency band is 
required. In the present embodiment, the memory cir- 
cuit 20 is constituted by an PJD converting circuit and 
D/A converting circuit. The memory circuit 20 samples 
the output signal of the l/V converting circuit 6 in syn- 
chronization with sampling pulses 104 which are gener- 
ated from the timing signal generating circuit 11 and 
outputs the result of sampling to the selecting circuit 9 in 
synchronization with output latch pulses 105 which are 
similarly generated from the timir^ signal generating 
circuit 1 1 . 

[0058] When the frequency characteristics of the 
photodiode 5 is equivalent to that of the first order low- 
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pass filter, the output current I with respect to the input 
light of the step response having the light quantity P is 
represented as 

l = P-a-(1-exp(-t/x)). 

wherein a denotes the photoelectric converting coeffi- 
cient and T denotes time constant, which is determined 
as a constant which is specific to the photodiode. 
[0059] If the cutoff frequency of the first order low- 
pass filter is represented as f c. the output current at this 
time is substantially equal (99%) to that when a con- 
stant light quantity is input since 

fc= 1/(2n-T). 

The time tr which is taken for the output current to 
become constant is represented as follows. 

tr-0,73-fc 

[0060] Accordingly, the averaged light quantity sig- 
nal immediately after the start of the recording can be 
memorized and output by generating a sampling pulse 
a period of time t1 which is longer than the period of 
time tr which is taken for the averaged light quantity sig- 
nal to reach substantially averaged light quantity since 
the start of recording and by generating the output latch 
pulse after the sampling operation of the A/D converting 
circuit is completed. 

[0061 ] As mentioned above, the output signal of the 
memory circuit 20 and the output of the reproducing 
power reference signal generating circuit 10 are input to 
the selecting circuit 9. The selecting circuit 9 selects any 
one of them in response to a reference signal selecting 
signal 108 output from the timing signal generating cir- 
cuit 11 for outputting it as a reference signal for power 
control. 

[0062] The output signal of the l/V converting circuit 
6 and the output of the reproducing power reference sig- 
nal generating circuit 10 are input to the selecting circuit 
8. The selecting circuit 8 selects any one of them in 
response to a light quantity signal selecting signal 107 
output from the timing signal generating circuit 1 1 for 
outputting it as a light quantity signal for power control. 
[0063] This control utilizes the fact that the power of 
the recording pulse light at the start of recording is sub- 
stantially equal to the preset value because the change 
in temperature of the semiconductor laser 4 since the 
starting of recording is not so fast as mentioned above 
and enables to control the recording pulse light by mem- 
orizing the averaged light quantity at this time and by 
using it as the subsequent reference signal of the 
recording pulse light. 

[0064] However, no reference signal of the power 
control loop exists until the output of the memory circuit 
20 is established since the starting of recording. If the 
period of time which is taken for the output of the mem- 



ory circuit 20 to be established immediately after the 
starting of recording is represented as tS (>t1), the 
selecting circuits 8 and 9 select the output signal of the 
reproducing power reference signal generating circuit 
5 10 as the light quantity signal and the reference signal 
until t3 sec has passed. 

[0065] This enables to make the difference between 
the reference signal and the light quantity signal (that is 
the power control error) zero for the period of time t3 

10 until the output of the memory circuit 20 is established 
immediately after the start of recording. The pull in time 
when the t3 sec has passed and power control during 
recording is started is shortened. The output signals of 
the selecting circuits 8 and 9 are input to the subtracting 

15 circuit 12. 

[0066] An operation, (output of the selecting circuit 
9) minus (output of the selecting circuit 8), is performed 
in the subtracting circuit 12. 

[0067] Since the output of the selecting circuit 9 is 
20 the reference signal for power control and the output of 
the selecting 8 is the light quantity signal of the power 
control as mentioned above, the output signal of the 
subtracting circuit 12 becomes the power control enror 
signal. 

25 [0068] The power control error signal is amplified by 
the amplifying circuit 13 with a predetermined gain and 
is then input to the S/H circuit 14. 
[0069] Power control by the closed loop is Impossi- 
ble since the reference signal of the power control is not 
30 established immediately after the starting of recording 
as mentioned above. The present invention utilizes the 
fact that the change in temperature of the semiconduc- 
tor laser is slow. The recording pulse light is emitted by 
holding the power control error immediately before the 
35 starting of recording for this period of time. 

[0070] In other words, an S/H signal 102 is gener- 
ated from the timing signal generating circuit 11 for 
holding the output of the amplifying circuit 13 for only a 
predetermined period of time t2 (^ t3) immediately 
40 after the starting of recording. The S/H circuit 1 4 outputs 
the output signal of the amplifying circuit 13 or holds it 
and outputs it in response to the S/H signal 102. 
[0071] Power control of the recording pulse light is 
enabled by memorizing the averaged light quantity sig- 
45 nal of the recording pulse light from the semiconductor 
laser immediately after the start of recording and by 
using it as the reference signal for power control during 
recording. 

[0072] In the present embodiment the photodiode 
50 5 includes an inexpensive low speed photo detector. 
Similar advantage can be obtained by making the cutoff 
frequency of the l/V converting circuit 6 a desired value 
if the cutoff frequency of the photo detector 5 is higher 
than the lowest frequency of the signal to be recorded. 
55 If the cutoff frequency of the photodiode 5 and the l/V 
converting circuit 6 is higher than the lowest frequency 
of the signal to be recorded, similar advantage can be 
ot>tained even in an arrangement in which the output 
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signal of the lA/ converting circuit 6 is converted to a 
desired cutoff frequency by the low-pass filter 7 as rep- 
resented by the broken line in Fig. 4. 
[0073] Because the averaged light quantity of the 
laser output for a predetermined period of time since the 
start of recording is memorized and is used as a refer- 
ence signal for comparison with the subsequent laser 
output signal in accordance with the present invention, 
a reference signal which Is more preferable than a pre- 
determined reference signal from the reference signal 
generator can be obtained. 

[0074] The averaged light quantity of sard laser out- 
put is calculated by holding the laser output control sig- 
nal Immediately before the starting of recording. The 
laser output can be controlled until this signal can be 
used as the reference signal. 

[0075] The portion for calculating the averaged light 
quantity can be implemented in an arrangement- suita- 
ble for reduction In cost by using an Inexpensive low 
speed photodiode as the photodiode for monitoring the 
quantity of light emitted from the semiconductor laser, 
alternatively by making the cutoff frequency of the l/V 
converting circuit a desired value, or alternatively by 
using a low-pass filter having a simple structure. 
[0076] Signals can be recorded by realizing the por- 
tion for memorizing the averaged light quantity in combi- 
nation of A/D converter with D/A converter in a simpler 
control manner than that using usual memory elements. 
[0077] Reduction in scale of circuit can be achieved 
by commonly using the signal of said reference signal 
generator as the reference signal on reproducing. 
[0078] In accordance with the present invention, 
necessity of expensive high speed photo detector, high 
speed \N converting circuit and high speed and high 
accuracy S/H circuit is eliminated. Therefore, an optical 
disk device that is comparatively simple in structure and 
is low in cost can be achieved. The present invention is 
advantageous in compact, light weight and reduction in 
cost. 

Claims 

1. An optical disk device for recording signals on an 
optical disk which constitutes a signal recording 
medium by focussing laser light on a face of the 
optical disk comprising: 

an averaged light quantity calculating portion 
(7) for calculating an averaged light quantity of 
the laser light by splitting the laser light 
focussed upon the face of the optical disk and 
by detecting its low frequency component; 
a memory portion (20) for outputting the aver- 
aged light quantity In a reproducing mode of 
operation and for menfK)rizing and outputting 
the averaged light quantity which has been cal- 
culated for a first period of time (t1) after a 
beginning of recording In a recording mode of 



operation: 

an error quantity calculating portion (12, 13) for 
calculating a difference between output signals 
from the averaged lic^t quantity calculating 
5 portion (7) and the memory portion (20); and 

a laser light power control portion (2) for con- 
trolling a power of the laser light in response to 
an output signal from the error quantity calcu- 
lating portion (12. 13). 

10 

2. An optical disk device as defined in claim 1 further 
including an error quantity holding portion (14) for 
holding an output value of signal which is output 
from the error quantity calculating portion (12. 13) 

15 immediately before the beginning of recording and 

in which the laser power control portion (2) is 
controlled in response to the output signal from 
the error quantity holding portion (14) for a sec- 
20 ond period of time (t2) after the initiation of 

recording. 

3. An optical disk device as defined in claim 1 or 2 fur- 
ther including a reference signal generating portion 

25 (10) for generating a signal having a predetermined 
level and 

in which in lieu of the output signal from the 
menrxjry portion (20), an output signal from the 
30 reference signal generating portion (1 0) is input 

to the error quantity calculating portion (12. 13) 
for a third period of time (tS) after the beginning 
of recording. 

35 4. An optical disk device as defined in any one of 
claims 1 to 3 in which the averaged light quantity 
calculating portion (7) comprises photoelectric con- 
verting portion for converting laser light into a cur- 
rent or voltage signal having a response frequency 

40 Which is not higher than the lowest frequency of sig- 
nals to be recorded. 

5. An optical disk device as defined in any one of 
claims 1 to 4 in which the memory portion (20) com- 

45 prises an A/D converting portion and a D/A convert- 
ing portion. 

6. An optical disk device as defined in any one of 
daims 1 to 5 in which there is a relation 

50 t1 < tS £ t2 among the first, second and third peri- 
ods of time (t1 ). (t2) and (tS). 

7. An optical disk device for recording signals on an 
optical disk which constitutes a signal recording 

55 medium by focussing laser light on a face of the 
optical disk comprising: 

a monitoring portion (5, 6) for splitting the laser 
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light focussed on the optical disk face and for 
monitoring a power of the laser light; . 
an averaged light quantity calculating portion 
(7) for calculating an averaged light quantity of 
the laser light which is detected by the monitor- 5 
ing portion (5. 6); 

a memory portion (20) for outputting the aver- 
aged light quantity in a reproducing mode of 
operation and for memorizing and outputting 
the averaged light quantity which has been cal- io 
culated for a first period of time (t1) after a 
beginning of recording in a recording mode of 
operation; 

an error quantity calculating portion (12, 13) for 
calculating a difference between output signals is 
from the averaged light quantity calculating 
portion (7) and the memory portion (20); and 
a laser light power control portion (2) for con- 
trolling the power of the laser light in response 
to an output signal from the error quantity cal- 20 
culating portion (12, 13). 



12. An optical disk device as defined in any one of 
claims 7 to 11 in which there is a relation 
t1 < tS ^ t2 among the first, second and third peri- 
ods of time (t1). (t2) and (t3). 



8. An optical disk device as defined in claim 7 further 

including an error quantity holding portion (14) for * 
holding an output value of signal which is output 25 
from the error quantity calculating portion (12. 13) 
immediately before a beginning of recording and 



in which the laser power control portion (2) is 
controlled in response to the output signal from 30 
the error quantity holding portion (14) for a sec- 
ond period of time (t2) after the beginning of 
recording. 



9. An optical disk device as defined in claim 7 or 8 fur- 35 
ther including reference signal generating portion 
(10) for generating a signal having a predetermined 
level and 



in which in lieu of the output signal from the 40 
memory portion (20), an output signal from the 
reference signal generating portion (10) is input 
to the error quantity calculating portion (12, 13) 
for a third period of time (t3) after the beginning 
of recording. 45 



1 0. An optical disk device as defined in claim 7 in which 
the averaged light quantity calculating portion (7) 
comprises a low-pass fitter having a cutoff fre- 
quency which is not higher than the lowest fre- so 
quency of signals which are reproduced from the 
optical disk. 



11. An optical disk device as defined in any one of 
claims 7 to 10 in which the memory portion (20) 55 
comprises an A/D converting portion and a D/A 
converting portion. 
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